The adsorption and dissociation of nitrogen molecule on Fe(111) surface is studied by density functional theory calculations. The simulation results show that the molecule needs to acquire parallel orientation with respect to the surface for the adsorption and dissociation. In addition, Fe(111) surface is more active in dissociating N 2 than Fe(100) surface due to its morphology. The interaction between antibonding molecular orbitals of N 2 and partially filled 3d orbitals of Fe atoms on the surface may be the key to the molecular dissociation of N 2 . To break down the triple bond of N 2 , the electron density on the surface needs to be partially transferred to the molecule to fill the antibonding molecular orbitals of the nitrogen molecule. The present result may provide some insights on the dissociation mechanism of molecules over transition metal surfaces.
INTRODUCTION
It is practically important for the development of heterogeneous catalysts to study the adsorption and dissociation process of various gas molecules on transition metal surfaces on a microscopic scale. Furthermore, it is important in the basic research field to verify the change in the electronic structure during the adsorption and dissociation of gas molecules.
The adsorption and dissociation of gas phase molecules on various surfaces has been intensively studied [2, 4, 6, 7, [11] [12] [13] [14] [15] . Dahl et al [12] studied the molecular dissociation of nitrogen on Ru(0001) surface and showed that it lowered the energy barrier for the molecular dissociation of nitrogen significantly. In particular, the study on the catalytic activity of various transition metal surfaces in dissociating nitrogen molecules shows that, along with Ru, Fe is a promising candidate as a catalyst for the dissociation of nitrogen molecule [1, 6] . The filling of the antibonding molecular orbitals of the nitrogen molecule is the key to its dissociation [5] . Therefore, as for the catalytic behavior of Fe surface in dissociation, the breakdown of the triple bond of the molecule due to the interaction between orbitals of Fe surface atoms and the antibonding molecular orbitals needs to be investigated in detail. This paper presents some results of ab initio calculations regarding the adsorption and dissociation of nitrogen molecule on Fe surface and provides some microscopic details on its dissociation.
COMPUTATIONAL DETAILS
DFT calculations are performed using the Spanish Initiative for Electronic Simulations with Thousands of Atoms (SIESTA) [8] method. Double-ζ valence orbitals plus single-ζ polarization d orbitals (DZP) [8] and the Perdew-Burke-Ernzerhof (PBE) [9] generalizedgradient approximation (GGA) functional are used as basis sets and the exchange-correlation energy functional, respectively. Troullier-Martins [10] α-phase with bcc structure (lattice constant 2.86Å). Prior to the relaxation, the interlayer distance of the slab is 0.82Å. After the relaxation, the distance between the first and second layers is expanded to 0.821Å, the distance between the second and third layers is reduced to 0.167Å and the distance between the third and fourth layers is again expanded to 1.004Å, which is due to the electron density difference between the outermost layer and inner layers.
To investigate the behavior of the nitrogen molecule, three high symmetry sites on Fe (111) surface -? hcp hollow site, fcc hollow site and top site which are denoted as HH, FH and T, 7Å from the surface. When it is dissociated, the bond length is about 2.701Å. Moreover, it can be seen that the molecule cannot be dissociated but adsorbed on the surface when it is placed at 2Å and 3Å from the surface, respectively, which is consistent with the simulation result that only in the case HH1 the molecule is dissociated. According During the formation of the nitrogen molecule, 2p orbitals of two nitrogen atoms are combined to produce 6 molecular orbitals (MO) σ * x , σ x , π * y , π y , π * z , π z among which π y and π z , π * y and π * z are degenerated so that the energy levels of MOs formed by 2p orbitals are split into four levels, which explains the four peaks in the PDOS of the gas phase nitrogen molecule onto 2p orbitals. These peaks corresponds to σ x , π y and π z , π * y and π * z , σ * x , respectively. According to the PDOS of N 2 in the state HH1-I (the letter I means the initial state before its adsorption and dissociation.), among the MOs, only the energetically highest antibonding MO σ * x is affected. The lowest three peaks of the PDOS of the gas phase molecule are displaced to the left by about 5 eV when the molecule is put into the initial state, so that σ * x of the gas phase molecule is moved and broadened near 3d orbitals of Fe atoms on the surface. Therefore, it is possible to say that this significant broadening of σ * x orbital is due to the interaction with 3d orbitals of Fe atoms. As for the width of σ * x orbital, the closer the molecule is to the surface, the broader σ * x orbital becomes, and again the stronger the interaction between σ * x and 3d orbitals might be. (FIG 6) Because the antibonding MOs of the molecule need to be filled for the molecular dissociation [5] , the electron population of the nitrogen molecule for each case is investigated. Due to the stronger electronegativity of N over Fe, the electron density of the Fe surface is partially transferred to the molecule. In fact, the electron populations of the gas 
SUMMARY
In this paper, the adsorption and dissociation of nitrogen molecule on Fe(111) surface is discussed in accordance with the potential energy, the PDOS and the electron population of the nitrogen molecule. The molecule is dissociated on the Fe(111) surface when it is placed parallel to the surface with an azimuthal angle between −10
• and +10
• . The vertically oriented molecule needs to rotate to acquire a parallel position before it can be adsorbed or dissociated on the surface. Therefore, the parallel orientation is favorable in the molecular dissociation of nitrogen on the surface. Moreover, Fe(111) surface significantly lowers the energy barrier for N 2 dissociation. In the dissociation of nitrogen molecule, the interaction between antibonding molecular orbitals of N 2 and 3d orbitals of Fe atoms on the surface may be a promoting factor: it may allow electron transfer from 3d orbitals to the antibonding MOs to lower the energy barrier for and accelerate the dissociation of nitrogen molecule.
